and degradation through lysosome exocytosis proposed as efficient ways for B cells to acquire antigen. One limiting factor in studies to date has been the artificial substrates used to mimic antigen-presenting cell membranes. To overcome this limitation, we have developed DNA-based molecular sensors that distinguish between degradation and force-mediated antigen extraction from both artificial substrates and live antigen-presenting cells. Our results show that B cells modulate the mechanism of antigen uptake in response to the character of the antigen-presenting substrate, with extraction by mechanical force the dominant mechanism under physiological conditions. Using sensors that report on the dynamics and magnitude of forces in B cell synapses, we characterize the mechanical extraction of antigen and show that different B cell subsets have unique mechanical properties that allow them to actively regulate their responses to antigen binding. The mechanical environment of a cell influences its migration. It has been observed that certain cell types such as Dictyostelium and cancer cells tend to migrate by forming blebs rather than pseudopodia in mechanically resistive environment. However, very little is known about the mechanisms governing this transition between different modes of migration. In this work, we disentangle the contributions of two key mechanical factors that might trigger this switch, the environment's stiffness (the extent of local deformation of extra-cellular matrix) and its state of stress (amount of pre-existing tension or compression). A custom built device, ''cell squasher'', is used to apply dynamically controlled and uniform force on cells chemotaxing under an agaorse layer. Our results show that switch to bleb mode of migration can be triggered by an increase in either the external load imposed by the device or gel stiffness. This transition is also associated with a decrease in cell speed. Increasing the load even further triggers the rounding up of the cells and dramatically slows down the retraction of blebs; migration ceased in most of the cases. These results show quantitatively that a lower threshold of load is required for switching as gel stiffness increases which implies a collaborative effect of both the physical parameters. Surprisingly, the cells also undergo a significant reduction in their volume within few minutes of the imposition of the load. We also show that cells become highly contractile under load and myosin recruitment to cortex takes place leading to some loss of polarity. The cells also migrate in less adhesive manner under load condition. The involvement of Pip3, Rac, Ras and SCAR signaling in protrusion switching is also seen. This work is of significant importance in quantitatively understanding the effect of physical changes in migration of cells.
1
Division of Biomedical Physics, Medical University Innsbruck, Innsbruck, Austria, 2 Institute of Science and Technology Austria, Klosterneuburg, Austria, 3 UMR 144 Institut Curie, Paris, France. Cell migration has important functions in immune response, development and cancer proliferation. Cell movement essentially requires the establishment of an axis of polarity. To maintain migration in one direction -called persistent cell migration -the polarity axis needs to be stabilized in the direction of movement. Biochemical feedback loops between signaling molecules have been recognized to play an important role for stabilizing cell polarity by reinforcing actin polymerization at the leading edge. Here we describe a reverse feedback mechanism coupling the retrograde flowing actin cytoskeleton in migrating cells back to cell polarity and persistent migration supporting an essential mechano-chemical coupling of signaling cascades and the flowing cytoskeletal meshwork in migrating cells (Maiuri et al., 2015) . We used genetic, physical and chemical tools to modulate cytoskeletal flows in migrating dendritic cells and found a strong increase in the stability of cellular polarization and migration persistence upon increasing retrograde flow speed. We provide experimental evidence that the spatial distribution of different actin binding proteins (Myosin-GFP, Lifeact-GFP and Utrophin-GFP) with varying actinbinding strength gets significantly shifted towards the cell rear for increasing retrograde flow speeds upon sufficient coupling to the flowing actin network.
Finally we show that a minimal theoretical model build on the mechanochemical coupling between polarity markers and cytoskeletal flows can predict the stability of cell polarity in dependence on retrograde flow speeds and can capture the broad range of cell migration phenotypes from Brownian, to persistent and intermittent random walks. Maiuri, P.*, Rupprecht, J.-F.*, Wieser, S.*, Ruprecht, V., Bénichou, O., Carpi, N., Coppey, M., De Beco, S., Gov, N., Heisenberg, C.-P., et al. (2015) . While much research has been dedicated to the identification of the cascade of specific biochemical processes involved in the recruitment of neutrophils, much less is known about the mechanical events driving their migration; in particular, how they generate the necessary traction forces to migrate across three-dimensional (3-D) extravascular spaces and the importance of forming cell-substrate adhesions during this process is unclear. In this study, we investigate the importance of cell-substrate adhesions on the mechanics of 3-D neutrophil motility in collagen gels using Elastographic 3D Force Microscopy (E3DFM). We used wild type neutrophil-like differentiated human promyelocytic leukemia (dHL-60) cells and talin 1 knockout dHL60 cells, which were unable to engage their integrins, as our model systems. Both cell lines were were embedded in collagen matrices containing fluorescent micro-beads. Neutrophil motility was induced via the introduction of the neutrophil chemokine formyl-Methionyl-Leucyl-Phenylalanine (fMLP) in a custom build device. Both Confocal and Fluorescent microscopy techniques were used to image the movement of the embedded micro-beads as well as fluorescently labeled cells. Particle Image Velocimetry (PIV) and Finite Deformation Theory were used to compute displacement fields in the collagen matrices. Stress fields in the matrices were computed using a constitutive relationship with several material parameters. The over determined nature of the problem was used to estimate the aforementioned material parameters. We will present data showing that morphological changes and migratory patterns differed depending on the cell's ability to form cell-substrate adhesions. We will also provide data showing a clear relationship between the aforementioned migratory characteristics and computed displacement and stress fields around migrating neutrophils in collagen matrices. The results from our study show that neutrophils migrating in 3-D environments employ distinct mechanical mechanisms that depend on their ability to form adhesions.
2528-Plat Cortical Contraction Waves at Cytokinesis of Large Cells
Johanna Bischof 1 , Christoph Brand 2 , Ulrich Schwarz 2 , Peter Lenart 1 . 1 EMBL Heidelberg, Heidelberg, Germany, 2 University Heidelberg, Heidelberg, Germany. Regulated changes in cortical contractility drive cytokinesis in all animal cells. In small somatic cells this regulation is dominated by microtubules: the spindle midzone positions the cytokinetic ring, while astral microtubules induce polar relaxation. However, in specialized cell types, such as oocytes, the microtubule spindle is very small relative to the cell volume and astral microtubules are very short, if present at all. Therefore, the cytokinetic signal must be transmitted to large parts of the cortex by an alternative mechanism. In these oocytes cortical contraction waves present a specialized form of cytokinetic cortical response. As expected due to the extreme difference in cell size and spindle size, our experiments show that these contraction waves are independent of microtubules. Therefore, we asked how cytokinetic signals are transduced, independent of microtubules, to the cortex. By quantifying surface curvature changes combined with imaging of fluorescent markers and inhibitor treatments, we find that the contraction wave is a band of flattening that moves across the cell driven by non-muscle myosin II (NMY2). We further find that the underlying localisation of NMY2 to the cortex is controlled by the conserved signalling module RhoA-RhoK-NMY2, which also controls contraction in the cytokinetic ring. Importantly, we find that the key cell cycle kinase, cdk1/cyclinB forms a spatial gradient across the oocyte, the low point of which sets the starting point of the contraction wave. Combining our quantitative observations with a mathematical model, we show that the 512a spatial cdk1/cyclinB gradient combined with feedback mechanisms inherent in the RhoA-NMY2 signalling network is sufficient to explain the surface contractions. Taken together, we present a molecular-level model for surface contraction waves that identifies a conserved signalling module capable of transducing spatially and temporally organized cytokinetic signals to the cortex. Finger domains, 1) is a multidomain protein that plays a critical role in recruiting DNMT1 (DNA methyltransferase 1) for replication-dependent DNA methylation maintenance. Emerging evidence has revealed that the protein stability and chromatin functions of UHRF1 are regulated in a cell cycle-dependent manner. To gain further insight into the functional regulation of UHRF1, we characterized the structure of the complex between UHRF1 and the deubiquitinase USP7. The first two UBL domains of USP7 bind to the polybasic region (PBR) of UHRF1, and this interaction is required for the USP7-mediated deubiquitination of UHRF1. Importantly, we find that the USP7-binding site of UHRF1 PBR overlaps with the region engaging an intramolecular interaction with the N-terminal tandem Tudor domain (TTD). We show that the USP7-UHRF1 interaction perturbs the TTD-PBR interaction of UHRF1, thereby shifting the conformation of UHRF1 from a TTD-''occluded'' state to a state open for multivalent histone binding. Consistently, introduction of an USP7-interaction defective mutation to UHRF1 significantly reduces its chromatin association. Together, these results link USP7 interaction to the dynamic deubiquitination and chromatin association of UHRF1, and provides insights into the dynamic regulation of maintenance DNA methylation. Reference Zhang ZM, Rothbart SB, Allison DF, Cai Q, Harrison JS, Li L, Wang Y, Strahl BD, Wang GG, Song J. An allosteric interaction links USP7 to deubiquitination and chromatin targeting of UHRF1. Cell Rep. (2015) 12(9):1400-6.
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Optical Absorbance Sensitivity to Rugged Energy Landscape Katherine A. Niessen 1 , Edward Snell 2,3 , Andrea G. Markelz 1,3 . Previously we have shown that underdamped long-range intramolecular vibrations exist in proteins using anisotropic absorption in the terahertz frequency range [1, 2] . Measurements on free chicken egg white lysozyme (CEWL) and CEWL bound to the inhibitor tri-acetylglucosamine (3NAG) found the anisotropic absorption dramatically changes with inhibitor binding. To associate the spectral features with specific motions that are enhanced or diminished by the binding, we compare the measured spectra to calculations using normal mode analysis (NMA). Starting structures were randomly chosen frames from a molecular dynamics trajectory of a fully hydrated CEWL molecule. For each starting structure, we minimize the energy with small structural perturbations, and then perform NMA using CHARMM. These calculations find that the vibrational density of states (VDOS) is largely unchanged for a given starting structure, whereas the optical absorbance is different for each minimized structure. This variation arises from the sensitivity of the optical absorption to the strength and direction of the transition dipole, which is strongly dependent on the actual displacements for a given mode energy. This suggests that to properly model optical absorbance, one must perform an ensemble average of the calculated spectra, whereas for comparisons with the VDOS measurements, a single minimized structure is sufficient. The VDOS does not appear to be strongly affected by the ruggedness of the energy landscape, whereas the optical absorbance is. Given that strong bands are measured experimentally, the results suggest that in spite of the variation in the optical spectra, there are vibrations that are more prevalent than others, and possibly this biasing towards these motions enhances function. 
2531-Plat Role or Aromatic Residues in Dynamic Networks in DREAM/KChIP3
Walter G. Gonzalez 1 , Maurizio Diaz 2 , David H. Perez 3 , Jaroslava Miksovska 1 . 1 Chemistry and Biochemistry, Florida International University, Miami, FL, USA, 2 School for Advanced Studies, Homestead, FL, USA, 3 Chemistry, Stetson University, DeLand, FL, USA. Downstream regulatory antagonist modulator also known as K þ channel interacting protein 3 (DREAM/KChIP3) is a calcium sensing protein that coassembles with Kv4 potassium channels in the brain and heart as well as with DNA in the nucleus where it regulates gene expression. The interaction of DREAM/KChIP3 with A-type Kv4 channels and DNA has been shown to regulate neuronal signaling, pain sensing and memory retention. Previous results have shown a Ca 2þ dependent interaction between DREAM/KChIP3 and Kv4/DNA which involves interactions at the N-terminus. However, the mechanism by which Ca 2þ binding at the C-terminus of DREAM/KChIP3 induces structural changes at the N-terminus remains unknown. In this work we propose that a highly conserved network of aromatic residues controls protein dynamics and the pathways of signal transduction on DREAM/KChIP3. Using molecular dynamics simulations, site directed mutagenesis and fluorescence spectroscopy we provide strong evidence in support of a highly dynamic mechanism of signal transduction and regulation. We have identified that Trp169, Phe171, and Tyr174 at the entering helix of EF-hand 3 function as key amino acids involved in propagation of Ca 2þ induced structural changes. We also propose a mechanism for the calcium induced structural change on this protein which is mediated by a conserved aromatic amino acid residue at position 235. We show that a Phe235Ala mutation effectively inhibits calcium induced structural changes. Additionally, we propose a mechanism by which Ca 2þ signals are propagated towards the N-terminus and ultimately lead to the rearrangement of the inactive EF-hand 1. The observed structural motions provide insight into the mechanism mediating the calcium dependent Kv4 and DNA binding. Together, the work presented here provides the first mechanism of intramolecular signal transduction in a Ca 2þ binding protein of the NCS family. The recent advent of X-Ray free electron lasers with highest brilliance and femtosecond pulses opens new possibilities for time-resolved protein crystallography [Miller, R.J.D, Science, 2014 , 343, 1108 -1116 . A fundamental biophysical question becomes accessible experimentally now: The investigation of protein dynamics with all atomic resolution on the shortest biochemically relevant timescale around 100 fs. Here is where bond-breaking events occur, which in turn translate into secondary and tertiary structure changes and cause a protein to fulfill its function over a wide range of timescales. The question is what is the structure-function correlation in proteins and which time and length scales are involved. We present results on Myoglobin in complex with Carbonmonoxide as ligand. The actual bond-breaking event is expected faster than 50 fs [Armstrong, M.R. et al., Proc. Natl. Acad. Sci. USA, 2003, 100, 4990] . Our experiment accesses the dynamics in the time window between 0 and 2 ps with 100 fs steps to resolve both the ligand dissociation and the ''talking'' coordinate mediated through the proximal histidine motion involved in allosteric communication of the ligation state. The heme moiety doming and the overall protein motion coupled to the bond breaking process are resolved and the data clearly demonstrate coupling to collective coordinates on exceptionally fast time scales. Experiments were performed at Linac Coherent Light Source (LCLS) under atmospheric pressure at room temperature using a solid target photo-crystallography chip for sample delivery [Mueller C. et al., Structural Dynamics, 2015, 2, 054302] . Up to 10.000 individual crystal samples per chip can be trapped and mapped using absorption spectroscopy, allowing to achieve effective 100% (>90%) hit rates. The technological approach allows for further experiments to atomically resolve protein dynamics.
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